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• Pulse cropping
− Provides excellent income opportunities for growers
− Provide healthy diets to consumers
− Meet the global demand for protein
• Cereals have a high carbon footprint
− Cereals are usually grown with added human-made 
nitrogen at around 110 kg N per hectare.
− Artificial nitrogen comes from fossil fuels
• Rotation with pulses incorporated
− Legumes fix their own nitrogen. 
− When grown with other crops such as barley, the 
pulses supply the cereal's nitrogen needs
Why Pulses ?
Introduction
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• Measure of water productivity:
Why Water Footprint?
𝑊𝑈𝐸 =
𝐺𝑟𝑎𝑖𝑛 𝑜𝑟 𝑠𝑒𝑒𝑑 𝑦𝑖𝑒𝑙𝑑
𝑊𝑎𝑡𝑒𝑟 𝑎𝑝𝑝𝑙𝑖𝑒𝑑 𝑡𝑜 𝑡ℎ𝑒 𝑓𝑖𝑒𝑙𝑑
𝑘𝑔 ℎ𝑎−1𝑐𝑚−1
• Water footprint is the reciprocal of, but more 
general than, the WUE
− The water footprint within a province or river 
basin is equal to the sum of the water footprints of 
all processes taking place in that area
• Green water footprint
− volume of rainwater evaporated
• Blue water footprint
− volume of surface or groundwater 
evaporated
• Grey water footprint
− volume of polluted water
• By reducing WFs, we utilize our 
precious water resources more 
effectively
Water Footprint Of A Product
• The objective is to evaluate the long-
term crop WFs in Saskatchewan over 
the past five decades
− Compare pulse crops with cereals in terms of WF
− Identify the factors that contributed to the 
difference in WFs of different crops
Objectives
Figure 1. Agricultural crop districts in Saskatchewan from NO.4710 to NO.4791 on the 
Canadian prairies with shaded area showing cropland extracted from the map Land Cover 
for Agricultural Regions of Canada, circa 2000 (Agriculture and Agri-Food Canada 2013). 
Numbers are the codes of the Census Agricultural Regions.
Study Area
Figure 3. Inter-annual variability of total grain production, and protein production in 
Saskatchewan from 1976 to 2016
Crop grain production
Crop protein production
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Pulse crops had smaller 
grain yields than cereals
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Pulse crops had larger grain 
yield based WFs than cereals
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Pulse crops had larger 
protein yields than cereals
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Pulse crops had small 
protein yields based WF
Scientific and technological progress index for a decade divided by 
the average yield in 1965–2014.
Controlling Factors for the yield increases
Scientific and technological progress--- new crop cultivars and 
improved tillage and agronomic management
Path coefficient analysis between protein yield-based water 
footprints (WFs) and their influencing factors
Controlling Factors
• Scientific and technological progress: new crop cultivars and 
improved tillage and agronomic management
• Agricultural inputs: agricultural machinery, chemical fertilizer, 
irrigation, and water saving technology
Relationship between crop grain yield-based water 
footprints (WFs) and grain yields in Saskatchewan.
Grain yield-based WF Reduction Potential
Sunflower
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Relationship between crop grain yield-based water footprints 
(WFs) and grain yields in Saskatchewan.
Protein-based WF Reduction Potential
CanolaLentil
Barley and 
wheat
Mild water stress is 
essential for initiating 
seed filling in pulse 
crops such as lentil
Pulses maintain the 
turgor pressure under 
drought conditions, 
facilitating the 
translocation of 
photosynthates to the 
grains
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Conclusion
• Grain yield-based WFs: pulses > cereal crops
• Protein yield-based WFs:  pulses <cereal crops because 
of the high protein content of pulses
• The quantity and distribution of precipitation were key 
meteorological factors
• Scientific and technological progress and agricultural 
inputs evidently decreased the grain yield- and protein 
yield-based WFs of all crops
• Canola and spring wheat had the largest WF reduction 
potential for grain yield and protein based WFs, 
respectively
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Recommendations
• Spring wheat and barley in wet years
• Chickpea and lentil in drought years
• Reduction of rotation protein-yield based WF 
if pulses are incorporated in rotation
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CSIRO LAND AND WATER
Thank You
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Water Footprint Of A Product
• Calculate the actual 
evapotranspiration rate
• Calculate the water stress 
factor based on actual yield
• Calculate the water footprint 
from the ratio of ETa to Ya
